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Preamble

The computational chemistry, in general, with th@eaalizations computational
(eco)toxicology and molecular design, represengsiarity field of research also found in
research program of European Commission. This Isecallows the prediction, in real time,
of the reactive potential, of specific bonding, atakicology that a substance newly
synthesized can have on some bimolecules (ususedtgips) found in organisms from the
bio- or eco- sphere. Moreover, by the moleculaigiesan be modeled and prediciadilico
the structure of a molecule still unsynthesized, ftegquired in order to activate or inhibit
various molecular processes or metabolic with duio-, or pharmaco- logical impact. Yet, on
the basis of these implementations and moleculgegtions stay the fundamental principles
of the quantum chemistry, as long as the interastiavolved are of quantum-spherical type,
the phenomenon of electronic and protonic tunnethghe barriers of potential intra- and
inter- molecular being determinant for the formataf the chemical bonds with high degree
of specificity, on enzyme-substrate type or reaeligand. In this context, the present project
aims the advancement, the implementation and tlpdicapon of a new mechanism of
guantum interaction at molecular level: the modglof the quantum bond in orthogonal
(algebraic) spaces — in general, and of the indide®activity (electronegativity, chemical
hardness and action) calculated inside the dehsigtional theory- in particular. By applying
the consecrated principles of reactivity (the eigadibn of electronegativity, acids and bases,
strong and soft, the maximum chemical hardnesseobimolecular fragments) but also of the
recent variational principle of the chemical actigRutz, 2007) in various quantum
configurations of reactivity is performed the qutative-qualitative analyze of the specific
interaction by the orthogonal chemical bond, gdimng the frequently used paradigm I-
dimensional of the chemical modeling in the reactoordinate.

Objectives and Results

1. Was promoted the idea of an algorithm Double-QSAR to improve the
performances of correlation of the classical method (papers[1- 4]).
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The main idea is to effectuate the so-called doubt&tions in the total energy of a
chemical system, with the expression obtained encttntext of the density functional theory

[1]

S[dE] = ~SLxdN] + al7(dN) 2] + [ 3 p(r )dV () dr

wherefrom, by the coupling with the reactivity cdmmh (aka the equivalent of entropic
increase)

d[dE]=0

for a not-null charge transfer, but constant, amwianull fluctuation in the external potential
applied

dN = |dN| =ct.£0,dV(r)£0

unitary, are obtained:
= variational principle of electronegativity (thatntains both the equalization of the
electronegativity and its residual fluctuatiod)) y] <0

= variational principle of the chemical hardnesst(thtegrates the principles of the hard
and soft acids and bases- HSAB and of the maximhemeal hardnessd[/7] = 0

= with the recent advanced principle of the chemastion that represents a typical
principle of global optimization of the reactivity

&, =0,C,=[pr\V(r)dr

in terms of the electronic density of the syster ahthe external potential applied.

Thus, transferred in QSAR analyze (quantitativeicitire-activity relationship), the
principle of the double variations was explainedha evaluation of the equations, in the first
instance, of the chemical aromaticity as multilmeactions of forms of the electronegativity
and chemical hardness. Was found that, indeed,afdypical set of compounds (46
hydrocarbons) and the evaluation in spectral ldsolution conditions (SLR) of in the regime
of the finite difference in scheme 10-pentagonad-I) is obtained a formula QSArR
(quantitative structure-aromaticity relationshigjwa high truth value, i.¢2]
A=3737334+161667) ,+1068799, , —174347 M,
for the statistical factors
SEE= 269,F =2720,R? =0.9499R?, =0.9224

The value of this approach justifies the consitien of the electronegativity and the
chemical hardness to be considered as indicatotbeofeactivity/chemical stability in an
orthogonal space, these being considered stronglgpendent on the QSArR studies
associated. Thus, formally, a ,velocity-accelenatispace

_or QE:_X
ot~ oN

_ov  0°E _

o T

in reactivity can be considered, as a first instanas being associated with the
electronegativity-chemical hardness space, for domehtal approached and applications
[3,4].

2. Was generalized the space of quantum evolution by the extension of the relation
of indeter mination of Heisenberg (papers [5-10]).

With a great value for the quantum theory in gelndrat also for the quantum-chemical in
particular, were materialized the results of thepkete study of the free quantum evolution +
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observed (through experiment) in relation with granciple of Heisenberg indetermination.
Thus, was concluded the general form of revisedétderg uncertainty (see Figurd3])

AxAp = g\/l— n’,
depending on the so-called factor of quantum flaibtun

nO[01]
that can pe evaluated for each individual experimemsing the formula

(€)eq

(<), = 06).,

that contains information about the average ofitliteal position-preparedx{) as like as of
the observed one)( as a result of the free-evolution (quantum inteom) of the system in
cause

. AXAP2(#/2)x1
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Figure 1. Complete picture of the quantum evolution (free abserved) in relation with Heisenberg
indeterminatior5] .

Moreover, from the general graphic (Figure 1) ohmum uncertainty is obtained
even the information (or the demonstration or thalgical confirmation) regarding the fact
that the matter-particle can not overcome in obes@mvolution the matter-wave included in
the same quantum system, thus being generatea{taled function/value of the electronic
localization of any type of chemical bond.

Particle
= — <
ELFP/W [ Wave jobserved_ 095

Evolution
with the fundamental consequence of tlee planoelimination of the situation in which a
chemical bond can be eminently ionic (more parfieled with the very important message
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that anyway, the electrons observed in chemicaldbare more under the wave form,
primarily covalently manifested, exerting the cheahinteraction by tunneling effects.

Thus, naturally, the next step was the elucidatdnthe quantum nature of the
chemical bonding itself by the application bothtbé non-relativistic quantum processes
(Schrodinger-de Broglie-Bohm) but also the relatiei one (Dirac) was concluded that in
both approaches the chemical field of chemical bzardbe represented by a quantum particle
specific to the bonding in cause, called bondoih Wie formula of mass that depends on the
energy and the length of connection, between wiigo exists a relation of closing of
Heisenberg type, generalized, as shown in Figure 2.

g B

2 (2m+
m3=ﬁ— m+1) =012
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Figure 2. The representation of the chemical bond by thenyum particle called bondon, with
afferent mass, and the Heisenberg principle assedia the bondin{g] .

This new fundamental result allowed the further sideration of the chemical
bonding through the bondons, as being in fact @iapeealization of the field and of the
theory of bosonic condensation (Bose-Einstein)hi@ &rea of interaction of the atoms-in-
molecule. In this new context, was evaluated theobir hardness of bondonic tyj#e10]

2
4mBh = 87Ebond Rl:);ond = 87E—b0ndz
My ag — Ryond Kl//(r )>‘
and was concluded that it actually depends on ieegetic information of chemical bonding
but also on the so-called parameter of order thadutates in fact the condensation of the
pairs of electrons in bonding and anti-bondingestatvhich in the paradigmatic model of the
homopolar diatomic molecules (Heitler-London) wprevided the analytical forn{8-10]

V, £V,
Eb_ond—BEC | = _K‘/l (r )> oes Y

g:

8m H,+H,
. H,+H oo Vi £V,
Eb_ond—BEC—II = l£+ S = + Kw(r )> ,7%"]; H11 + H

11 —
These last, have two fundamental characters withngrortant relevance in the further
studies:
= Are reduced to the classical formulas in the abs@fthe parameter of orderys —
0
= Depend on the chemical hardness of the formed miggedhus the principle of
reactivity being well represented also at this lefenalyze.

3. Wasintegrated the principle of chemical action in the ensemble of the principles
of reactivity consecrated to the modeling of the chemical bond and binding
(papers[1,2,11,12]).

With the aid of the concept and of the principlecbémical action, was formed the complete
picture of the scenario of the reactivity and chezhbinding together with the influence of
electronegativity and chemical hardness, afteptit@enomenological sequenidg?2]:
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5)(=0—>&A=0—>A)(<0—>5/7:O—>A/7>0

On the other side, in the itself modeling of tiemical bond based on the influence
of chemical action, was approached the most geaegdlze, i.e. the quantum relativistic one
(Dirac) through which was identified the existermfethe so-called functions of chemical
binding corresponding to the bonding positive ancgative state of Dirac

fon (A, x) = texp(- 2QAC,)

together with the one corresponding to the antilbog state
f2" (A, x) =1-QAC,

With these was fulfilled not only the modeling diet electronic bond with the
individual contribution of spin, but also the effiee localization of the electrons with a
certain spin orientation in various areas of thensical bond, for various chemical actions (or
electronegativities), in critical regime (of maximu optimal exchange of quantum
information between the involved sub-levels in themical bond or reaction). Such a model
is shown in Figure 3.

A=0 A=Ras
(A, XA =%P=2) (B, XB)
Figure 3. Modeling of chemical bond by the identificatiortlu# localization of the spin coupling and
of the localization of the spins of anti-bondingythe spinorial Dirac picture in a critical case of
chemical equal-actions (or electronegativities) dochemical binar systeft] .

With this approach and modeling as demonstratedpitwer both conceptual and
applicative of the consecrated indices of reasti(@ectronegativity and chemical hardness),
but also of the new concept and functional prirecipi the chemical action, on various levels
of manifestation of the chemical interaction, and the most general cases of the quantum
evolution (aromaticity, bondons, bosonic condewsatspinorial localization).

Conclusions and Per spectives

The 2010 stage of the present project was dematedtas being particularly fertile in
founding and promoting the principles of the conuapand analytical tools for a general
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approach, but also specific to the interactionjical bonding and reactivity, at atomic level,
molecular and macro-molecular. Essentially, themaahievements can be listed such as:
= Was formulated the scenario and the algorithm efffieto the chemical reactivity and
of the chemical bond in the 3D space of electroti@tyg chemical hardness and
chemical action;
= Was underlined the role of the chemical actioneigplanation of the spin localization
in chemical bonding, based on the spinorial Dionalism;
= Was formulated and also explained the existenca fohdamental quantum particle,
specific to the chemical bonding, called bondonleato describe the chemical
interaction in the complex molecular systems, wheme included also the
nanosystems.

Thanks to the remarkable achievements of thisyear of the complete realization of
the present grant (2010-2013), the publications #me communications made, by the
perspective to provide, in fact, an unitary bosdroadonic theory of the chemical reactivity
able to describe in the most exotic conditionsgemly including the bio-, eco-, pharmaco-
logical interactions, we consider the ensemblehef papers during the 2010 year of the
present grant as being a real international sucbessg in this imperious stage necessary for
the further implementations, in complex applicasian the level of living substance, in the
correct conceptual description and accurate cortipant of the bio-, eco- and pharmaco-
logical phenomenél3, 14] as like for the design, control and evaluationhaf properties of
toxicity of the nanomaterials.
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